drawback due to high cost of the vegetable oil and the purification of biodiesel product. Therefore, it is necessary to develop a process in order to produce biodiesel more efficient and economical. One approach for production of biodiesel has been conducted by using Jatropha oil instead of edible oil as feedstock. The Jatropa oil contains 20% saturated fatty acids and 80% unsaturated ones. The unsaturated fatty acid, oleic acid, is the most abundant (44.8%) followed by linoleic acid (34%), palmitic acid (12.8%) and stearic acid (7.3%) (Shah et al., 2004) . One kind of fatty acid derived from the Jatropa oil, oleic acid, could be used as raw material to produce biodiesel by using esterification reaction using alcohol such as bcrec_001_2010 Copyright © 2010, BCREC, ISSN 1978 ISSN -2993 Available online at BCREC Website: http://bcrec.undip.ac.id methanol, ethanol, etc. At present, the esterification of fatty acid and alcohol into fatty acid ester is usually conducted in a batch reactor (Omota et al., 2003) . However production biodiesel from esterification reaction in the conventional batch reactor has many problems because of its low conversion, heavy capital investments and high energy costs so this process is not economically ( Gao et al., 2007) . To resolve the problems, it has been developed an advanced technology for biodiesel production. This method is known as a reactive distillation (RD) (Mattalana et al., 2009 ). The reactive distillation is a fascinating way for the biodiesel production due to the process able to reduce investments and energy costs (Lai et al., 2006) .
Reactive distillation combines both separation and reaction in one unit and has been applied industrially for a number of years. Reactive distillation can offer significant economic advantages for certain cases, particularly for systems that involve reversible reactions. Examples of commercial successes of reactive distillation include nylon 6.6 processes, methyl acetate processes, ethyl acetate processes and methyl tert-butyl ether processes (Doherty & Buzad, 1992 and improve selectivity of the product. The aim of this work is the study of the production of biodiesel by esterification of oleic acid with methanol in a reactive distillation column. The esterification of oleic acid using sulfuric acid as a catalyst has been investigated at different process conditions: temperature, oleic acid : methanol ratio, sulfuric acid concentrations.
Materials and Methods
The reaction was carried out in a lab scale reactive distillation column that consists of a 500 ml flask equipped with warmer jacket to set up a constant reaction temperature, mechanical agitation, and packing column distillation. Oleic acid (99%) and methanol (99%) are used as raw material and sulfuric acid (98%) is used as catalyst. These chemicals were obtained commercially from Sigma-Aldrich (USA). The feed is charge into the flask in the bottom of the rectifying column that also used as a reactor and reboiler. At the end of the separation the content in the column will drain down into the still and residual bottom fraction is the product. For temperatures above 100 o C (100 o C, 120 o C, 150 o C and 180 o C) was chosen as a representative temperatures to bringing back the methanol to major reactor of distillation. So,methanol can be used again as reuse material as organic compound in the process.
Esterification of fatty acid is a reversible reaction and water is formed. Removal of water can drive the reaction equilibrium to the completion and therefore increase the conversion. The best solution is working at temperatures above 100 o C, in a system with continuos water removal. By removing water as by-product the equilibrium is shifted towards ester formation. The ester (biodiesel) will always be separated in the bottom of the reactive distillation column. Water is present as side product and typically is removed as top product due to its lower boiling point, together wit the alcohol if it is volatile (and not completely converted) or if it forms azotropes with water. A higher reflux ratio is not beneficial as it brings back water into the column, hence decreasing the conversion by shifting the equilibrium towards ester hydrolysis. Furthermore ASTM (American Standard for Testing Materials) was applied for analyzed the product. Variables studied for this experiment were: the effect of reaction time, the effect of reaction temperature, the effect of ratio alcohol to oleic acid, the effect of amount of catalyst in relation to the mount of refined oil.
during reaction, they must be stirred well at constant rate. The oleic acid conversion increased rapidly with the reaction time ranges between 15 min until 75 min, after that, the conversion kept rising very slowly and then relatively constant at a value above 0.9389 for 75 min. This mean that the reaction approved to be in equilibrium and the rate was quite slow. The production of methyl ester reached the maximum value at 0.9581 for 90 minute. Meng et al., (2008) studied the effect of reaction in production of biodiesel from Waste Cooking Oil (WCO) and methanol with sodium hydroxide catalyst under following conditions: temperature of 50 °C, methanol/oil molar ratio of 6:1, weight catalyst of 1.0 wt % NaOH. The results showed that WCO conversion increased rapidly with the reaction time ranges between 30 min and 60 min, after that, the conversion kept rising but very slowly and then practically constant above 86% at 90 min. 
Effect of reaction temperature
In this work, esterification reaction was studied using: ratio of oleic acid and methanol 8:1, weight of catalyst 1% wt H2SO4 (by weight of oleic acid), with four different temperatures (100 0 C, 120 0 C, 150 0 C and 180 0 C). The results showed that the reaction was typically endothermic, when temperature increased, the final conversion increase as well as shown in figure 2 . The reaction rate at 150 0 C was significantly faster than 120 0 C, but after 150 0 C the increasing of conversion is not significant. The maximum conversion was reached at temperature 180 0 C (0.9581). The transesterification reaction at different temperatures was also studied by Freedman et al., (1986) . They studied the transesterification of refined soybean oil and methanol using ratio of methanol:oil 6:1, 1% NaOH, at three different temperatures. The result showed that after 0.1 hour reaction time, ester yields were 94.87%, 72.85% and 64% at temperature 60 0 C, 45 0 C and 32 0 C, respectively. However after 1 hour of the reaction time, the formation of ester was identical at different temperatures 60 and 45 0 C while at the temperature 32 0 C the conversion was slightly lower. 
Effect of catalyst amount
The amount of catalyst also plays a role on the conversion of the esterification reaction. The varying amount of catalysts was studied in this work at the following reaction condition: ratio methanol oleic: acid = 8:1, at constant temperature 130 0 C, during 90 minute of reaction time. The results are displayed in Figure 3 and shows that the reaction was highly dependent on the amount of catalyst. The most effect of catalyst amount was obviously seen for the catalyst amount below 1% weight. However the further added of catalyst amount above 1%, it didn't give in increasing the conversion significantly. Canakci (2006) studied the transesterification reaction of waste cooking oil and methanol with acid catalyst. Three different catalyst amounts, 1%, 3% and 5% of sulfuric acid were used. For each case, the reaction conducted for 48 hours at 60 0 C with a 6:1 molar ratio of methanol to oil. Ester formation increased with increasing catalyst amount. The ester conversions were 72.7%, 87.8% and 95.05% at 1%, 3% and 5% sulfuric acid respectively. Peng et al., (2008) studied the effect of catalyst concentration in three different conditions (1, 3 and 5 wt %) for the synthesis of biodiesel from oleic acid and methanol. The reaction took place at 200 •C, and molar ratio of methanol to oil 9:1. The result showed that with increasing the catalyst concentration from 1 to 3 %wt, the yield of methyl ester increased markedly from 84% to 92% reapectively. However, when the catalyst concentration was further increased to 5 wt %, the reaction rate and methyl ester yield just slightly increased. 
Effect of molar ratio
The other important variable that is affecting the conversion of ester is molar ratio of alcohol to triglyceride. The stoichiometric ratio for transesterification reaction requires three mole of alcohol and one mole of triglyceride to yield three moles of fatty acid ester and one mole of glycerol. With the methanol/oil molar ratio increasing, oleic acid conversion will be correspondingly increased. In this work, biodiesel was produced from oleic acid and methanol at various molar ratios methanol/oleic acid (1:1, 5:1, 6:1, 7:1, 8:1) as shown in figure 4 . The figure shows that higher molar ratios result in greater ester conversion in a shorter time. The maximum conversion was achieved at 0.9571 using methanol/oleic acid molar ratio of 8:1, at temperature 150 0 C, catalyst weight 1%wt H2SO4 for 90 minute time of reaction. Wang et al., (2006) studied biodiesel formation using waste cooking oil and methanol as raw materials. The results showed that the conversion achieved was 91.6% for 3 hour when the molar ratio of methanol: oil was 3:1. Jacobson et al., (2008) produced biodiesel from waste cooking oil containing 15% free fatty acid and methanol using molar ratio methanol: oleic acid from 1:6 to 1:18. The yield of methyl esters increased from 81% to 98 % after 10 hour reaction time was observed. Table 1 shows that biodiesel from this experiment is similar to petroleum diesel. As can be observed in table 1 the value of pour point, kinematic viscosity, flash point, specific gravity, and gross heating value are very similar to biodiesel from WCO and diesel oil from petroleum. The kinematics viscosity is important indicator the quality of fuel. High value of viscosity gives rise to poor fuel automization, incomplete combustion and carbon deposition on the injectors. Therefore, the biodiesel viscosity must below. As can be observed in table 1, the viscosity of 4.537 was obtained in this experiment. Heating value is important properties of biodiesel, the heating value measure the energy contained in the fuel. As can be observed in table 1, the value (43.8 MJ/kg) is very similar with petroleum diesel oil (45 MJ/kg). The flash point is a measure of the tendency of a sample to form flammable mixture with air in controlled laboratory conditions. In this work the value is higher than those diesel oil (120 0 C). This represents an advantage of biodiesel.
Conclusions
The biodiesel production from oleic acid has the quality required to be a diesel substitute. The result shows that variable-variable such as reaction time, %wt H2SO4 catalyst, temperature reaction and molar ratio of methanol: oleic acid very influent for biodiesel production.
Maximum conversion above 0.9571 was reached at molar ratio methanol: oleic acid 8:1, 1%wt catalyst H2SO4, temperature reaction 180 0 C and reaction time 90 minute.
The pour point, flash point, kinematics viscosity, specific gravity, gross heating value and conradson carbon residue are similar to those of diesel oil 
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